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The  article  deals  with  the  insufficiently  studied  problem  of  variegated  alfalfa  and  eastern  galega
presowing  seed  treatment,  which  can  serve  as  an  excellent  reserve  for  increasing  their  forage
productivity. The quality of the seeds determines the stand density of perennial grasses and their yield.
The studies have been performed on sod-podzolic medium loamy soil. The authors studied the effect
of molybdenum-acid ammonium (300 gm/t), Rhizotorphine bacterial preparation (for variegated alfalfa
– 0.5 l/t,  for eastern galega – 1.0 l/t), HB-101 plant growth regulator (1 ml/t), and Agree's Forsage
complex fertilizer (1.2 l/t) upon cultivating the studied crops.  The consumption rate of the working
solution (water + preparation) was 10 litres per ton of seeds. The accounting plot area was 33 m 2.
Perennial legumes were sown after spring rapeseed; the seeding rate  for variegated alfalfa was 14
kg/ha, for eastern galega – 26 kg/ha.  It has been found that introducing seed treatment with the
Agree's  Forsage  complex  fertilizer  increases  productivity  by  23–47%  due  to  increasing  the  field
germination of variegated alfalfa by 10–15% and eastern galega by 4–10%, and due to increasing the
number of nodule bacteria by 6–13 per plant and 8–16 per plant respectively.
Introduction
Increasing productivity of field crops is the task that
agrarians regularly perform. The use of plant growth
regulators,  complex  fertilizers,  biological
preparations,  and micronutrient fertilizers can serve
as  a  reserve  for  solving  this  problem  (1).
Simultaneously, there are practically no such studies
on the sod-podzolic soil of the region, which stipulates
the  necessity  of  research  and  development  of
production recommendations (2).
The  agricultural  production  in  the  Udmurt
Republic is focused on livestock breeding (3, 4) and a
significant role in creating a solid forage base belongs
to perennial herbs, the long growing season of which
allows  using  them  for  hay  and  haylage,  and  for
pasturing  (5–7).  The  high  productivity  of  perennial
herbs  and  their  conformity  with  the  physiological
needs of various animal species successfully combine
with  several  valuable  economic  qualities:  the  high
adaptability,  the  ability  to thoroughly  and rationally
use  the  growing  conditions,  and  the  high  resource-
saving ability. Since they grow in the same location for
several years, no annual costs are required for their
cultivation  (8,  9).  Among  perennial  grasses  in  the
region,  mainly  legumes  are  cultivated—cow  clover,
variegated  alfalfa  and  eastern  galega.  At  the  same
time,  the  issues  of  increasing  productivity  remain
relevant.
Currently,  biologically  active  compounds  are
widely used in many areas of the agricultural sector.
Creating  compounds with specified properties  opens
up tremendous possibilities for their use (10, 11). The
effect of various stressful situations,  such as adverse
environmental factors and the effect of chemicals on
the  plants,  may  change  the  metabolism  and  even
cause  the  death  of  the  cells.  To  prevent  oxidative
stress and to reduce their effect, bio-antioxidants are
widely used (12). Biologically active compounds help
plants efficiently withstand low temperatures, lack of
moisture,  lack of  nutrients  in the soil,  bacterization,
and  soil  fungi.  In  this  regard,  it  seemed  extremely
important to assess the effect of the preparations on
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the  germination  of  seeds  of  perennial  leguminous
herbs. All species of perennial legumes contain many
hard seeds that do not germinate or slowly germinate
in the year of sowing. Seed hardness is the seed coat
impermeability  to water,  air  and nutrients  (13,  14).
Some chemicals can significantly alter the nature of
germination and substantially affect the biochemical
characteristics of the developing seedling.
Sod-podzolic soil is  inhabited  with  indigenous
nodule bacteria of alfalfa (Medicago L.); their number
varies from hundreds to millions of bacteria per 1 gm
of soil. They form numerous nodules with fairly high
nitrogen-fixing  activity  on  the  host  plant's  roots;
however, this activity may be significantly increased
by  using  biological  preparations  of  highly  effective
and competitive breeding strains of nodule bacteria
for presowing inoculation of the seeds. The bacteria
contribute to the optimal use of mineral and organic
fertilizers. Propagating in the root zone, they protect
them from the penetration of microflora that causes
plant  diseases.  The  most  common  nitrogen-fixing
symbiotic  bacteria  in  the  production  of  inoculants
belong  to  the  Rhizobium  genus.  In  the  form  of
biological preparations, they enhance the fixation of
the  atmospheric  nitrogen,  increase  the  uptake  of
nitrogen from mineral fertilizers and soil,  stimulate
the  growth  and  development  of  the  plants  and
accelerate crop ripening (15). 
The  use  of  complex  micronutrient  fertilizers,
growth  regulators,  and  the  Baikal  EM-1  biological
product  for spring triticale  crops  was economically
beneficial. They increased its yield and grain quality,
given  the  low  cost  of  preparations  and  low
consumption rates (16). Seed and crop treatment with
micronutrient  fertilizers,  growth regulators  and the
Baikal  EM-1 biological  product in the technology of
cultivating spring triticale on leached black soil of the
Penza  region  allowed  activating  growth  and
production,  increasing  the  crop  yield  by  0.28  t/ha
(11.1%)  and  improving  the  grain  quality.  The
preparations  increased  the  total  amount  of  amino
acids by 1.9–27.5%, compared to the reference. Out of
12  studied  preparations  used  for  pre-sowing  seed
treatment, Zircon plant growth regulator showed the
lowest seed treatment efficiency, while Baikal M1 +
Poly-Feed demonstrated the highest one (16). 
Based  on  the  foregoing,  a  conclusion  can  be
made about the effectiveness of presowing treatment
of the seeds of field crops. There have been almost no
studies  of  using  liquid  complex  and  biological
fertilizers,  plant  growth  regulators  in  cultivating
variegated alfalfa and eastern galega on sod-podzolic
soils  of  the  Middle  Urals  and  such  studies  remain
very  relevant.  The  research  has  been  aimed  at
studying  the  effectiveness  of  variegated  alfalfa  and
eastern galega seed treatment in their cultivation for
fodder.
Materials and Methods
The studies  were performed  during 2017, 2018 and
2019 growing  seasons  at  the  educational  and
scientific production complex (ESPC-Agrotechnopark)
of  the  Izhevsk  State  Agricultural  Academy.  The
indicators were determined in accordance with the
guidelines  for  field  experiments  with  forage  crops
(17). 
The object of the research was variegated alfalfa
(Medicago  varia Mart.),  Nakhodka  cultivar  and
eastern galega (Galеga orientаlis Lam.), Gale cultivar.
As  part  of  the  research,  the  agrochemical
characterization  of  soils  was  performed  annually
according to the methods presented in the guidelines
for the comprehensive monitoring of soil fertility of
agricultural lands (18). All studies and observations
were carried out in triplicate annually.
The  soil  of  the  experimental  plot  was  sod-
podzolic  medium  loamy  soil  with  the  following
agrochemical  characteristics  of  the  arable  layer:
humus content 2.3–2.9%, mobile phosphorus 232–282
mg/kg of soil,  mobile potassium 109–252 mg/kg. The
exchange acidity  of  the soil  was slightly  acidic  and
close to neutral (pH 5.3–5.9). 
The  scheme  of  the  experiment  included  the
following  variants:  (i)  without  seed  treatment
(reference),  (ii)  treatment  with  molybdenum-acid
ammonium (the recommended consumption rate of
the  preparation  (active  ingredient  constituted  52%)
was  300  gm/t, when  processing  seeds  of  perennial
grasses) (Buisk chemical plant, Russia), (iii) treatment
with the Rhizotorphine bacterial preparation (0.5 l/t
for variegated alfalfa,  1.0  l/t  for eastern galega in
accordance  with  the  manufacturer's
recommendations) (Biofabrika  LLC,  Russia), (iv)
treatment with the HB-101 plant growth regulator (1
ml/t)  (Japan),  and  (v)  treatment  with  the  Agree's
Forsage complex fertilizer  (1.2 l/t) (Soyuzkhim LLC,
Russia).  The  consumption  rate  of  the  working
solution was 10 litres  per ton of  seeds.  Seeds were
treated  directly  before sowing.  The accounting plot
area was 33  m2;  the  experiment  was performed in
triplicate.  Perennial legumes were sown after spring
rapeseed; the seeding rate for variegated alfalfa was
14 kg/ha for eastern galega – 26 kg/ha.  
Statistical data processing was performed using
the variance analysis method. The significance of the
difference  between  the  means  was  analyzed  using
the least significant difference, which was recognized
as significant at a 5% (LSD05) level of significance in
this experiment.
Results and Discussion
The density of stalks and the number of plants per
unit  area  determines  the  yield  of  any  crop.  This
requires ensuring high field germination. Variegated
alfalfa  seed  treatment  before  sowing  ensured  a
relatively high standing density of the seedlings. On
average  for  2017–2019,  the  significantly  high  field
germination was promoted by treating the seeds with
the Agree's  Forsage complex fertilizer  (77%),  which
was 10–15% higher than the field germination of the
seeds in the other studied variants (Table 1).
In  2017,  low field  germination  of  the  seeds  of
eastern  galega  (25–41%)  was  noted.  One  of  the
reasons  was  the  formation  of  a  soil  crust  due  to
heavy rains during the seeds-to-sprouts period when
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a 207% increase over the normal rainfall  occurred.
The presowing seed treatment with the HB-101 plant
growth  regulator  and  the  Agree's  Forsage  complex
fertilizer significantly increased the field germination
of the seeds of eastern galega by 11–16% (LSD05 = 5%).
A similar pattern was observed in the crops during
2018 and 2019.  Over the three years of the studies,
presowing  seed  treatment  with  the  NV-101  plant
growth  regulator  and  the  Agree's  Forsage  complex
fertilizer had ensured the highest  seed germination
of 47–50%, which was 4–10% higher than in the other
studied variants.
The  plant  wintering  ability  is  critical  in  the
formation of fodder productivity of perennial herbs.
The worst wintering ability of variegated alfalfa (51–
55%)  was  noted  after  sowing  the  untreated  seeds
(Table 2). Seed preparation for sowing contributed to
increasing their wintering ability by 8–22% (LSD05 =
7%) in the second year of life. The prolonged action of
the studied products was noted, as evidenced by the
significant effect of presowing seed treatment on the
wintering  ability  of  variegated  alfalfa.  Winter
hardiness of the plants increased by 9–15% (LSD05 =
6%) due to better development of the root system of
crops and the accumulation of plastic substances in
the root collar.
The  wintering  ability  of  eastern  galega  in  the
second  year  of  life  was  48–60%.  Presowing  seed
treatment contributed to a significant increase in the
winter hardiness of eastern galega, as evidenced by
an increased wintering ability by 10–11% after using
the Rhizotorphine bacterial  preparation, the HB-101
plant  growth  regulator  and  the  Agree's  Forsage
complex preparation (LSD05 = 4%).
The wintering ability of eastern galega plants in
the third year of life in the experimental variants was
high (83–88%).  Due to the roots,  the eastern galega
stand renews itself every year. In this regard, in the
third  year  of  life,  the  effect  of  presowing  seed
treatment in the experiment's variants levelled out,
and the stand restored.
For the formation of nodules on the plant roots
in the initial period of vegetation and active fixation
of  nitrogen,  prolonged  active  symbiosis,  and
ultimately,  the  maximum amount of  nitrogen fixed
from the air, active and competitive nodule bacteria
are  needed.  All  variants  of  seed  treatment  before
sowing contributed to the formation of a significantly
increased  number  of  nodules  on  the  roots  of
variegated alfalfa: in 2017 10–13 per plant (LSD05 = 4
per plant), in 2018 6–9 per plant (LSD05 = 4 per plant),
in 2019 10–11 per plant (LSD05 = 6 per plant), except
for  the  variant  where  the  seeds  were  treated  with
molybdenum-acid ammonium (Table 3).
On  average,  over  the  three  years,  variegated
alfalfa  seed  treatment  with  the  Rhizotorphine
bacterial  preparation,  the  HB-101  plant  growth
regulator, and the Agree's Forsage complex fertilizer
had increased the number of bacteria on the nodules
by 30–33%.
It was found that pre-sowing seed treatment had
a positive effect on the formation of nitrogen-fixing
nodules on the roots of eastern galega. Their analysis
in the budding phase of  the plants  showed that,  in
2017 all the studied variants of eastern galega seeds,
except  for  the  variant  with  molybdenum-acid
ammonium, contributed to a significant increase in
the number of nodules, 8–20 per plant (LSD05 = 4 per
plant).  Increase  in the  number  of  nodules  on  the
roots  of  eastern  galega,  unlike the variant without
seed treatment, was by 3-18 pieces/plant in 2018 and
by 7-23 pieces/plant in 2019. A significant increase in
the number of nodules was recorded in 2018 when
the seeds were treated with Agree's Forsage complex
fertilizer (18 pieces/plant), and in 2019, when the seed
treatment was performed with HB-101 plant growth
regulator  (23  pieces/plant).  On average,  over the
three years of the studies, pre-sowing seed treatment
had increased the number of nitrogen-fixing bacteria
on the roots of eastern galega by 22–78%,  which
evidenced  of  the  different  effect  of  the  studied
preparations on the development of microorganisms
on plant roots and legume-rhizobial symbiosis.  
Table 1. The field germination of variegated alfalfa and eastern galega, depending on the presowing seed treatment %.
Presowing seed treatment
Variegated alfalfa Eastern galega
2017 2018 2019 average 2017 2018 2019 average
Without treatment 
(reference)
45 72 68 62 25 39 55 40
Molybdenum-acid 
ammonium
55 71 70 65 26 40 57 41
Rhizotorphine 55 77 68 67 29 40 59 43
The NV-101 plant growth 
regulator
54 76 72 67 36 44 62 47
The Agree's Forsage 
complex fertilizer
82 77 73 77 41 47 63 50
LSD05 8 4 5 5 4 6
Table 2. The wintering ability of variegated alfalfa and eastern galega, depending on the presowing seed treatment %.
Presowing seed treatment
Variegated alfalfa Eastern galega
the second year of
life
the third year of life the second year of
life
the third year of life
Without treatment (reference) 55 51 49 84
Molybdenum-acid ammonium 66 60 48 84
Rhizotorphine 70 63 60 86
The NV-101 plant growth regulator 77 66 59 88
The Agree's Forsage complex fertilizer 63 63 59 88
LSD05 7 6 4 Fact. F˂ 05
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Density of stalks and the activity of the symbiotic
apparatus due to seed treatment had an effect on the
fodder productivity of variegated alfalfa and eastern
galega.  Table  4 shows the average yield of  the  dry
matter after two mowings in two plots. The studied
preparations for pre-sowing seed treatment ensured
a  significant  increase  in  the  dry  matter  yield  of
variegated alfalfa. Moreover, this increase was noted
in the crops during the second and the third years of
life.  On average  for  the  experiment,  in  the  second
year of life, the increase amounted to 1.9–2.5 t/ha, or
22–28% (LSD05 = 0.5 t/ha), in the third year of life – to
2.3–3.1 t/ha, or 23–30 % (LSD05 = 0.6 t/ha), compared
to this indicator in the reference. The maximum dry
matter yield in the second year of life was 11.1 t/ha,
and in the third year of life, the yield of 13.2 t/ha was
obtained  after  presowing  seed  treatment  with  the
Agree's Forsage complex fertilizer.
The Rhizotorphine bacterial preparation for pre-
sowing  seed  treatment,  the  HB-101  plant  growth
regulator and the Agree's Forsage complex fertilizer
significantly  increased  the  yield  of  dry  matter  of
eastern galega in the second year of life  by 2.9–3.7
t/ha, compared to the yield in the reference variant
with LSD05 = 1.0 t/ha. On average, for the experiment,
the yield of crops of the third year of life was higher
by 25%, compared to the crops of the second year of
life  due to the development of a taproot system with
suckers,  which allowed the plants  to self-reproduce
vegetatively.  In the variant without seed treatment,
the  dry  matter  yield  of  eastern galega  of  the  third
year  of  life  amounted  to  10.5  t/ha.  A  significant
increase in the dry matter yield by 2.2–3.4 t/ha was
noted in the variants with presowing seed treatment
with  the  HB-101  plant  growth  regulator  and  the
Agree's  Forsage  complex  fertilizer  with  LSD05 =  1.8
t/ha.  The  maximum  yield  of  eastern  galega  dry
matter  (11.5–12.9  t/ha)  was obtained in the  variant
with  pre-sowing  seed  treatment  of  Agree's  Forsage
complex fertilizer.
The data obtained were similar to the results of
previous  studies  with  plant  growth regulators.  The
effectiveness of growth regulators was established on
leached  black  soils  of  Russia,  as  evidenced  by  an
increase  in  the  seed  productivity  of  the  eastern
galega  by  55.3%  (19).  Studies  performed  in  India
demonstrated the increase in pea yield by 19% when
using a plant growth regulator (20).
The  presowing  seed  treatment  of  variegated
alfalfa  and  eastern  galega  with  the  Rhizotorphine
bacterial  preparation,  the  HB-101  plant  growth
regulator and the Agree's Forsage complex fertilizer
increased  the  field  germination  rate  of  variegated
alfalfa  and  eastern  galega  by  5–15%  and  3–10%,
respectively;  the  number of  nodule  bacteria  on the
roots increased by 9–10 per plant and 13–14 per plant
respectively. The dry matter accumulation increased
by 23-31% and 21-41% respectively.
Conclusion
Studies  of  variegated  alfalfa  and  eastern  galega
presowing  seed  treatment  with  the  HB-101  plant
growth  regulator  and  Agree’s  Forsage  complex
fertilizer have been performed for the first time on
sod-podzolic  soils  of the Udmurt Republic.  Study of
modern  preparations  aimed  at  an  increase  in  the
forage productivity  of  crops  is  a  promising area of
further research.
Three-year  field  experiments  enable  drawing
the  following  conclusions.   Variegated  alfalfa  and
eastern  galega  presowing  seed  treatment  allow  for
increasing field germination rate of seeds, wintering
ability and the nodule bacteria development. Due to
better  legume-rhizobial  symbiosis  and  optimal
density  of  stalks,  the  studied  crops  showed  higher
forage  productivity  than  the  variant  of  sowing
without  seed  treatment.  The  highest  dry  matter
accumulation  in  variegated  alfalfa  (11.1–13.2  t/ha)
and  eastern  galega  (11.5–12.9  t/ha)  was  obtained
Table 3.  The number of nodules on the roots of the plants of variegated alfalfa and eastern galega, depending on the presowing seed
treatment, nodules per plant.
Presowing seed
treatment
Variegated alfalfa Eastern galega
2017 2018 2019 average 2017 2018 2019 average
Without treatment 
(reference)
28 33 29 30 19 21 15 18
Molybdenum-acid 
ammonium
31 36 30 32 19 24 22 22
Rhizotorphine 39 39 39 39 39 34 23 32
The NV-101 plant 
growth regulator
41 41 39 40 27 31 38 32
The Agree's Forsage 
complex fertilizer
38 42 40 40 32 39 22 31
LSD05 4 4 6 4 14 15
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Table 4. The variegated alfalfa and eastern galega dry matter yield, depending on pre-sowing seed treatment t/ha.
Presowing seed treatment
Variegated alfalfa Eastern galega
the second year of life the third year of life the second year of life the third year of life 
Without treatment (reference) 8.6 10.1 7.8 10.5
Molybdenum-acid ammonium 10.6 12.7 7.9 11.1
Rhizotorphine 10.5 12.4 11.0 12.1
The NV-101 plant growth regulator 10.8 12.8 10.7 12.7
The Agree's Forsage complex fertilizer 11.1 13.2 11.5 12.9
LSD05 0.5 0.6 1.0 1.8
when  treating  the  seeds  with  Agree's  Forsage
complex fertilizer, which was 23–47 % higher than in
the variant without seed treatment due to increase in
the  field  germination  of  seeds,  wintering  ability  of
plants,  improved  legume-rhizobial  symbiosis;  thus,
this variant of treatment could be recommended for
agricultural production.
In order to create a stable agrocenosis of eastern
galega and variegated alfalfa on sod-podzolic soil and
increase productivity for agricultural producers, it is
recommended  to  use  the  HB-101  plant  growth
regulator  (1  ml/t)  and the Agree’s  Forsage  complex
fertilizer (1.2 l/t).
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